Tuncer: Investigation of the in vitro regeneration of some medical and aromatic wild plant species - 
Introduction
Ferula orientalis L. (synonym of Polycyrtus cachroides Schlecht.) is a plant with high adaptability and is frequently grown in Iran, Afghanistan, and in the East Anatolian Region of Turkey (Hakkari and Van). It is locally referred to as heliz or kevk (Kaval, 2011) . Ferula orientalis L. is from the Apiaceae family and is a perennial, herbaceous plant that can grow up to 60-100 cm. In addition to its importance as a food source, it has a therapeutic value and can be used as a fodder plant. Young shoots and leaves of the plant, which have a high nutritional value, are boiled and dried after chopping to rid them of their bitter taste. Then, they are added to dishes and Van herbed cheese (Baytop, 1999; Ozturk et al., 2000) . In the summer, the shoots and leaves of the plant are cut and left to dry to feed animals in the winter (Baytop, 1999; Cakılcıoglu et al., 2007) . The plant's sap is obtained by boiling the roots and is used to treat stomachaches, hemorrhoids, intestinal parasites, eczema, fungal infections, and toxic animal bites. Oils derived from the plant have antifungal and antibacterial properties (Tuzlacı and Dogan, 2010) .
Chaerophyllum macrospermum (Spreng.) Fisch. & C.A.Mey. (synonym of Scandix macrospermum Wild. ex Spreng.) is a perennial, herbaceous plant that grows in high altitudes and humid habitats and is locally referred to as mendi (Kaval, 2011) . It is from the Apiaceae family, can grow up to 40-60 cm, and has a thin stem that has a mint-like taste. The plant is used by the locals as a spice and vegetable. In addition to its use in Van herbed cheese and local dishes, it can be pickled, added to soups, and consumed fresh (Ozcelik, 1992 Eremurus spectabilis M.Bieb. is a perennial, herbaceous plant from the Eremurus genus of the Liliaceae family. The Iran/Turan region, especially Central Asia, is the center of origin of the species. In Turkey, it is a wild plant that grows on the mountains of the Eastern and Southeastern Anatolia Regions. It is locally known as ciris, wild leek, and yellow lily. Its fresh shoots and leaves are consumed as vegetables. In addition to its use as a food source, it has a therapeutic value and is used as an adhesive in industry. Thanks to its similarity to spinach in terms of cooking style, it can be added to bulgur pilaf or roasted and eaten with eggs, and its leaves and stems can be added to Van herbed cheese (Kaval, 2011) . The plant is rich in minerals and is a good source of vitamin C and antioxidants (Kaplan and Unal, 2011). Its sap, which is obtained by crushing its leaves, is used in the treatment of fungal diseases and eczema (Tuzlacı and Doğan, 2010) , and its juice, which is obtained by boiling its roots, is alledged to be treat diabetes and liver disorders (Tuzlacı and Doğan, 2010; Pourfarzad et al., 2014) . The roots of the plant have been reported to contain high amounts of mucilage, and Tuzlaci (1985) reported that the plant contained 30% gum, which is made into an adhesive for use in industry (Gungor, 2002) .
In the future, these medically and aromatically important plant species, which are yet to be cultured, will likely be on the verge of extinction as a result of unconsciously collecting the plants from their natural habitats, their irreplaceable use in the making of Van herbed cheese, arbitrary grazing. Therefore, necessary measures should be taken to protect these species. Methods for plant tissue culturing enable the protection of plant biodiversity (Alkowni and Sawalha, 2012) . Moreover, thanks to rapid and reliable micropropagation methods, the production of secondary metabolites in medical plants can be increased (Alkowni et al., 2017 Thomas and Jacob, 2004; Paunescu and Holobiuc, 2005) . However, these methods should be optimized, and proper protocols must be established for each species. The present study investigated how adding different explant types and different growth hormones to the MS medium (Murashige and Skoog, 1962 ) medium affected the in vitro propagation of these three medically important wild species. This report is also noteworthy for being the first in vitro regeneration study on these species.
Materials and Methods

Plant materials, sterilization and explant preparation
Different plant parts of Eremurus spectabilis M.Bieb., Ferula orientalis L., and Chaerophyllum macrospermum (Spreng.) Fisch. & C.A.Mey., which were collected from Kırkgeçit Village of Gurpinar County in Van, Turkey, were the material of the study ( and were kept in tap water overnight. Then, they were rinsed 4-5 times with pure water, placed into a cabinet, and kept in 70% ethyl alcohol for 10 seconds. Next, a few drops of Tween 20 were added, and the samples were shaken for 15 minutes in 15% sodium hypochlorite. The Eremurus spectabilis M.Bieb rhizomes were sterilized by shaking the rhizomes with bidistilled water 3-5 times, 6 minutes each time.
The surfaces of the leaf explants and the shoots containing single nodes were sterilized by shaking the samples in 15% commercial sodium hypochlorite for 15 minutes. Then, they were rinsed with bidistilled water 3 times, 5 minutes for each repetition (Fig. 2a, 2b, 2c, 2d ). Sterilized materials were put on a sterile blotting paper and cleansed of their excess water (Fig. 2e, 2f ). Rhizomes were prepared for planting by vertically and horizontally cutting their sides in strips (Fig.2g, 2h, 2l) . To obtain the single-node explants, the nodes that also had shoots half a centimeter above and below were taken and their leaves were removed (Fig. 2i, 2j) . To obtain leaf explants, thin strips were taken from the sides and edges of the leaves and prepared for planting (Fig.  2k) . All steps were carried out under aseptic conditions in a laminar flow cabinet. 
Medium composition and culture of explants
The explants were cultured in the MS (Murashige and Skoog, 1962) Table 1) . Fig. 3 shows shoot formations in these wild plant species for different explant types and MS medium combinations. It also shows the browning in the explants that occurred in the successive stages of culture. Different small letters in a same column show significant differences among the medium (p ˂ 0.05).
Results and Discussion
The ratios of the growth regulators from the auxin and cytokinin group in the nutrient medium are important for in vitro plant regeneration ( The medium combinations affected swelling, browning, and infection development in the explants (Tables 2 and 3 ). Growth and enlargement in the explants in the nutrient media were accepted as swelling. For Ferula orientalis L., the highest swelling ratio was observed in the MS7 (100%) and MS8 (93.8%) media. For Chaerophyllum macrospermum (Spreng.) Fisch. & C.A.Mey., maximum swelling was also observed in the same medium combinations ( Table 2) . For Ferula orientalis L., the browning ratio in the cultured single-node explants varied between 46.9% and 78.1%, and the infection ratio in the explants varied between 15.6% and 28.1%. For Chaerophyllum macrospermum (Spreng.) Fisch. & C.A.Mey., the same parameters varied between 53.1% and 84.4% and between 12.5% and 25.0%, respectively. For both species, shoot formation increased with increasing swelling ratios ( Table 2) . Table 3 is given the effects of explant type and medium combination on swelling, browning, and infection development in Eremurus spectabilis. In rhizome explants, no swelling was observed in any of the medium combinations, whereas, in leaf explants, 100% swelling was observed in all medium combinations. However, shoot formation was not obtained in any of the medium combinations for either of the explant types ( Table 3) . In rhizome explants, browning ratios and infection ratios varied between 50% and 79.2% and between 20.8% and 50%, respectively. In leaf explants, the values varied between 68.8% and 100% and between 6.3% and 31.5%, respectively ( Table 3 ). Browning that occurs under in vitro conditions causes losses in the vitality of tissues in many phenolic compound-rich species. It is known that adding phenol-captivating substances such as polyvinylpyrrolidone (PVP), active carbon (AC), and silver nitrate (AgNO 3 ) to nutrient media can prevent tissue browning by captivating polyphenol compounds and thereby slowing their synthesis (Teixeira et al., 2006; Alp et al., 2010) . Therefore, we presume that in further studies on the same species, adding these compounds to nutrient media may help reduce losses due to browning. Moreover, there are reports on the phytotoxic effects of antibiotics, which are added to nutrient media to prevent infections, and their browning-increasing effect on tissues. In the present study, infection development in explants were observed at varying ratios depending on the species and media composition In further studies on these species, using explants from sterile seedlings that are developed under in vitro conditions will minimize infections. 
Conclusions
This study is the first report of the effects of different explant types and medium combinations on the in vitro regeneration of the medically and aromatically important Ferula orientalis L., Chaerophyllum macrospermum (Spreng.) Fisch. & C.A.Mey. and Eremurus spectabilis M.Bieb. species. Shoot formations were obtained in the singlenode explants of Ferula orientalis L. and Chaerophyllum macrospermum (Spreng.) Fisch. & C.A.Mey. at ratios that varied depending on the medium composition. However, shoot formation was not observed for Eremurus spectabilis M.Bieb. in either of the explant types in any of the medium combinations. In further studies, trying different hormones from the auxin-cytokinin group in addition to the combined applications of 2mg/l or above doses of BAP and lower auxin (0.1, 0.2, and 0.5 mg/l) concentrations may prove beneficial for in vitro shoot regeneration in Ferula orientalis L. and Chaerophyllum macrospermum (Spreng.) Fisch. & C.A.Mey. The results of the present study are expected to contribute to in vitro regeneration studies on these medicinal plants in future.
